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The application of ex vivo synthetic 
DNA as a high capacity information 

storage medium is well documented. 
Herein, we consider the potential for 
synthetic DNA to be incorporated as 
part of the human genome; providing a 
definitive, accessible, in vivo database of 
patient history.

DNA, the original information stor-
age molecule, comprising the biological 
script of life, may be the future of person-
alised data storage, enabling us to hard 
wire humanity.1,2 A high capacity storage 
medium, with a theoretical storage poten-
tial of 455 exabytes per gram ssDNA,3 
DNA is not only extremely stable, it is also 
self-replicating, allowing information to 
be preserved and transmitted through the 
millennia.

Recent work by Church and col-
leagues3 at Harvard described the con-
version of html-coded data to DNA code 
using a 1 bit per base encoding (A,C = 
0; T,G = 1); allowing the conversion of 
an entire book (Regenesis: How Synthetic 
Biology Will Reinvent Nature and Ourselves 
ISBN-13:978–0465021758) into DNA 
sequence. In an effort to reduce error and 
facilitate up-scaling, Goldman et al.,4 
described a modified strategy achieving a 
storage density of ~2.2 PB/g DNA. This 
modified approach first converts the origi-
nal file type to binary code (0, 1) which 
is then converted to a ternary code (0, 1, 
2) and in turn to the triplet DNA code. 
Replacing each trit with one of the three 
nucleotides different from the preceding 
one (i.e. A, T or C, if the preceding one 
is G) ensures that no homopolymers are 
generated – significantly reducing high 
throughput sequencing errors.5
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While the above strategies focus on 
maintaining the DNA in vitro, in lyophi-
lized form stored in a cool dark place, 
similar to archival magnetic tape, we sug-
gest that in vivo storage may be a viable 
and in some cases more desirable option. 
Indeed, we envisage a scenario whereby all 
of the information relating to a particular 
individual; ancestry, health records, finan-
cial statements, criminal records etc. is 
encoded in the individual’s own DNA. In 
this scenario, each time an individual vis-
its a doctor a simple blood sample would 
contain all of the necessary information 
concerning the patient’s health status, not 
merely based on the traditional biomark-
ers, but as rich readable files e.g., PDF’s of 
family history, JPEG’s of MRI scans etc. 
Furthermore, rather than the simple DNA 
fingerprint which we currently depend 
on,6 blood from a crime scene would pro-
vide the image and address or the perpe-
trator, in addition to his or her previous 
indiscretions and full criminal history.

Disregarding for a moment the ethical, 
legal and social issues surrounding such 
an approach (which we acknowledge to be 
significant and complex),7 let us consider 
the technical difficulties associated with 
such an endeavor: The first key difference 
between DNA stored in vitro and in vivo is 
that the latter is subject to replication and 
thus error accumulation during the copy-
ing process. One approach to reducing 
errors arising from spontaneous mutations 
is to introduce degeneracy; incorporating 
multiple copies of the desired sequence - 
multiple sequence alignment, following 
amplification, should generate a consensus 
sequence which is free of errors. Following 
this model, the more sensitive the data 
and the longer it is required, the more 
copies are necessary. Information which 
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medicine to a truly individual experience, 
revolutionizing traditional clinical diag-
nostics and treatment.

In a world of synthetic biology—resis-
tance is futile…
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transform the host cells—how do we get 
the DNA in there in the first place? One 
approach, germ line gene therapy, involves 
the transformation of germ cells i.e., 
sperm or eggs, with the synthetic DNA. 
This approach would in theory allow the 
transformed synthetic DNA to be heri-
table and passed on to later generations. 
However, a major disadvantage of this 
route is the lack of specific information 
pertaining to the individual themselves. 
Given that this route precedes the concep-
tion of the individual, the only informa-
tion which can be incorporated would 
relate to the individual’s ancestry. An 
alternative, though less stable approach, 
would involve transformation of pluripo-
tent stem cells, specifically hematopoietic 
stem cells (HSCs) the progenitors of all 
the body’s blood cells. Residing in the 
bone marrow, these cells can be extracted, 
expanded in vitro, transformed with syn-
thetic DNA containing information per-
taining to the individual and reintroduced 
back into the bone marrow. Following 
this procedure, all of the nucleus baring 
blood cells derived from the transformed 
HSCs will contain the synthetic DNA. 
Furthermore, owning to their self-renewal 
capacity, HSCs are thought to have indefi-
nite lifespans (though this is likely deter-
mined by preprogrammed differences in 
repair capacity8) allowing the information 
to be maintained indefinitely.

Conclusions

While the aspirations of the current report 
are at best futuristic (and at worst fanci-
ful), the underlying technologies are all 
well-established, making the proposed 
undertaking readily achievable. If real-
ized, this approach elevates personalised 

is only needed in the short-term e.g., 
specific infant dietary requirements i.e., 
first 12–18 mo of life, requires relatively 
few copies and can be allowed to mutate 
(become corrupted) over the first few years 
of life, with little negative impact on the 
relevant adult patient records.

A second major consideration is how 
to maintain the sequence information in 
vivo over the lifetime of the individual. 
One approach is to construct an entirely 
separate human artificial chromosome 
(HAC),7 which can replicate autono-
mously in the nucleus of the host cells. 
While this approach facilitates a large 
storage capacity and physically separates 
the synthetic DNA from the host chro-
mosomes, thereby reducing the potential 
for recombination events with the native 
DNA, a significant limitation is the 
absence of any selective pressure for the 
host cell to retain the synthetic chromo-
some. In the absence of such a selective 
pressure there is no physiological advan-
tage for the cell to retain the artificial chro-
mosome and the synthetic DNA will be 
diluted out of the system with each succes-
sive cell division. An alternative approach 
would be to tether the synthetic DNA to 
the existing host chromosomes which are 
naturally maintained by the host. Indeed, 
this approach could be extended such that 
medical information pertaining to genes 
residing on a particular chromosome is 
hardcoded to that chromosome (e.g., for 
cystic fibrosis sufferers, information relat-
ing to treatment history and prognosis 
would be encoded on Chromosome 7 on 
which the cystic fibrosis transmembrane 
conductance regulator gene resides).

The next major challenge facing 
our proposed approach of digitizing 
the human genome lies in our ability to 
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